Vitamin K epoxide reductase complex subunit 1 (VKORC1) is integral 163-amino acid long transmembrane protein which mediates recycling of vitamin K 2,3-epoxide to vitamin K hydroquinone and it is necessary for activation of vitamin K-dependent proteins (VKDPs). Herein, the association between G-1639A (rs9923231) and C1173T (rs9934438) single-nucleotide polymorphisms (SNPs) of the VKORC1 gene and ischemic stroke (IS) was tested in Ukrainian population. Genotyping was performed in 170 IS patients and 124 control subjects (total 294 DNA samples) using PCR-RFLP (polymerase chain reaction with following restriction fragment length polymorphism analysis) method. Our data showed that G-1639A but not C1173T polymorphism was related to IS, regardless of adjustment for age, sex, body mass index, smoking status, and arterial hypertension. The risk for IS in -1639A allele carriers (OR = 2.138, = 0.015) was higher than in individuals with G/G genotype. Haplotype analysis demonstrated that -1639G/1173T and -1639A/1173C were related to increased risk for IS (OR = 3.813, = 0.010, and OR = 2.189, = 0.011, resp.), while -1639G/1173C was a protective factor for IS (OR = 0.548, < 0.001). Obtained results suggested that -1639A allele can be a possible genetic risk factor for IS in Ukrainian population.
Introduction
A large number of proteins require posttranslational modification for further activation. The one way of such modification is a change of multiple glutamic acid residues tocarboxyglutamate in the peptide sequences of proteins ( -carboxylation). The biochemical system which is responsible for carrying out this modification is called the vitamin K cycle [1] . The functioning of this cycle results in the oxidation of vitamin K hydroquinone to vitamin K 2,3-epoxide and it is impossible without recycling of vitamin K 2,3-epoxide to vitamin K hydroquinone. The enzyme which mediates recycling of vitamin K 2,3-epoxide to vitamin K hydroquinone is called vitamin K epoxide reductase complex subunit 1 (VKORC1).
VKORC1 is integral 163-amino acid long transmembrane protein (18 kDa) which is widely expressed in many organs and tissues of the human and animal organisms (liver, salivary gland, prostate, lung, kidney, brain, bone, skeletal muscle, heart, etc.) [2] . It is necessary for activation of vitamin K-dependent proteins (VKDPs), which undergo posttranslation modification in vitamin K cycle. It is known that VKDPs include a number of clotting factors involved in the coagulation cascade (factors II, VII, IX, and X), anticoagulants (proteins C, S, and Z), proteins involved in bone and soft-tissue mineralization (matrix Gla-protein (MGP), Glarich protein (GRP), and osteocalcin) [3, 4] , protein involved in differentiation of vascular smooth muscle cells (VSMCs), and platelet activation (growth arrest-specific 6 (GAS6)) [5] . Consequently, it can be assumed that dysfunction of VKORC1 might cause activity reduction of VKDPs and thus might lead to thrombosis, calcification, and inflammation of the vascular wall, and so forth. Such changes are essential steps for development of atherosclerotic lesions of the brain arteries, which often lead to ischemic stroke.
Ischemic stroke (IS) is a multifactorial disease at which development is determined by environmental and genetic factors. Since the discovery of the VKORC1 gene in 2004 [6, 7] , numerous studies about the relation of various single-nucleotide polymorphisms (SNPs) of the VKORC1 gene to development of cardiovascular and cerebrovascular diseases were conducted [8] [9] [10] [11] [12] . There are some studies where association of the VKORC1 G-1639A, C1173T, and T2255C polymorphisms with IS in a Chinese population has been investigated [13] [14] [15] , but the data obtained in other ethnic groups remain controversial [16] [17] [18] [19] [20] . Role studying of the VKORC1 G-1639A and C1173T polymorphisms in development of IS in Ukrainian and other Slavic populations has not been conducted. Thus, we have performed a casecontrol study on representatives of Ukrainian population with the aim of investigating the possible association of the VKORC1 G-1639A and C1173T SNPs with IS in individuals who had different risk factors of atherosclerosis.
Materials and Methods

Subjects.
In present study we selected 170 unrelated Ukrainian patients (42.4% women and 57.6% men) from 40 to 85 years of age (mean age (±SD) 64.7±9.5) who had IS and had been under medical surveillance and outpatient treatment in the 5th Sumy Clinical Hospital since 2009 to 2011. A final diagnosis of IS was established on the basis of clinical, computed tomography, and magnetic resonance imaging investigations. Each case of IS was assessed according to the TOAST (Trial of Org 10172 in Acute Stroke Treatment) criteria [21] on the basis of anamnestic data and peculiarities of the clinical disease circuit, as well as the data of ultrasonic Doppler sonography of the main head artery and electrocardiograms. The patients with IS of cardioembolic origin and undetermined etiology were excluded from the studied group. The clinical characteristics of patients with IS included arterial blood pressure (BP), body mass index (BMI), composition of blood plasma lipoproteins, and indices of blood coagulation. The total cholesterol, HDL-cholesterol, LDL-cholesterol, and triglyceride levels determination was done in 157 with IS. Thus, the analysis of VKORC1 polymorphisms influence on lipid metabolism in stroke patients was performed only between these 157 cases.
The control group included 124 individuals with the absence of ischemic stroke and other cerebrovascular pathologies, which was verified using amnestic data, ECG test, blood pressure measurement, and carrying out generally accepted neurologic researches. It is well known that warfarin and similar oral anticoagulants are inhibitors of VKORC1. To avoid distortion of results about association between VKORC1 gene polymorphism and IS only individuals who have never taken anticoagulant therapy were included to the case and control groups.
The patients of both groups were divided into the pairs of subgroups defined by sex, BMI (BMI < 25 kg/m 2 and ≥25 kg/m 2 ), and BP (nonhypertensive or hypertensive: systolic BP > 140 mmHg, diastolic BP > 90 mmHg).
The study was complied with the Declaration of Helsinki and approved by the Ethic Committee of Medical Institute of Sumy State University. Written informed consent from all the subjects was obtained before enrollment.
Genotyping of SNPs.
Genomic DNA was extracted from white cells using GeneJET Whole Blood Genomic DNA Purification Mini Kit (Thermo Fisher Scientific, USA) according to the manufacturer's protocol. VKORC1 promoter G-1639A (rs9923231) and first intron C1173T (rs9934438) polymorphisms genotyping was performed using PCR-RFLP. We used primers synthesized by Metabion (Germany). The reaction mixture of 25 mL volume contained 50-100 ng of DNA, 1.5 mM magnesium sulfate, 200 mM of each dNTP, 5 L 5x PCR-buffer, 20 pM of each primer, and 0.5 U of Taq DNA polymerase (Thermo Fisher Scientific, USA). PCR was carried out in a thermocycler GeneAmp PCR System 2700 (Thermo Fisher Scientific, USA).
The sequence of nucleotides in specific primers for VKORC1 promoter G-1639A SNP was as follows: forward -5 -GCCAGCAGGAGAGGGAAATA-3 and reverse -5 -AGTTTGGACTACAGGTGCCT-3 . Thermocycling conditions consisted of 94 ∘ C for 5 min, followed by 33 cycles of 94 ∘ C for 50 s, 61 ∘ C for 45 s, and 72 ∘ C for 50 s with a final extension step of 72 ∘ C for 5 min. For restriction analysis 6 L of the amplification products was incubated at 37 ∘ C for 20 h with 5 U MspI (HpaII) (Thermo Fisher Scientific, USA). In the case of guanine at position -1639 of the VKORC1 promoter amplified fragment, which consisted of 290, bps was cut by Msp1 into two fragments of 168 and 122 bps. Guanine to adenine substitution resulted in the loss of Msp1 restriction site and fragment of the promoter (290 bps) could not be cleaved.
The polymorphism of the VKORC1 first intron (C1173T) was analyzed using the following primers: forward -5 -AAGATGAAAAGCAGGGCCTAC-3 , reverse -5 -CCG-AGAAAGGTGATTTCCAA-3 . Thermocycling conditions consisted of 94 ∘ C for 5 min, followed by 33 cycles of 94 ∘ C for 50 s, 60 ∘ C for 50 s, and 72 ∘ C for 55 s with a final extension step of 72 ∘ C for 5 min. 6 L of the amplification products (195 bps) was incubated at 37 ∘ C for 18 h with 3 U StyI (Eco130I) (Thermo Fisher Scientific, USA). The presence of cytosine at position 1173 of the gene prevented the restriction and in the case of substitution for thymine StyI cleaved the amplified fragment into two fragments 125 and 70 bps in length.
The restriction fragments were separated by horizontal electrophoresis (electrical field strength 10 V/cm) in 1.5% agarose gel containing 10 mg/mL ethidium bromide. Visualization of DNA fragments after electrophoresis was performed using ultraviolet transillumination.
Statistical Analysis.
Most statistical analyses were performed using Statistical Package for Social Science software (SPSS, version 17.0, Chicago, IL, USA). Continuous data are expressed as mean ± SD; categorical data are presented as number and percentage value. All continuous variables were normally distributed (Kolmogorov-Smirnov and Shapiro-Wilk tests); thus the comparison between the groups was performed using ANOVA or two-tailed Student's t-test. Bonferroni's correction was used for multiple comparisons. Each SNP was tested for deviation from Hardy-Weinberg equilibrium using the Online Encyclopedia for Genetic Epidemiology Studies (http://www.oege.org/ software/hardy-weinberg.html). The 2 test was used to compare genotype and haplotype distributions of VKORC1 SNPs between case and control groups. To estimate the risk we calculated the odds ratio (OR) and 95% confidence interval (CI) for the four models of inheritance: dominant (major homozygous genotype as a reference), recessive (genotypes with major allele as a reference), overdominant (major and minor homozygous genotypes as a reference), and additive (heterozygous genotype and minor homozygous genotype with major homozygous genotype as a reference). The Akaike information criterion (AIC) was used for selecting the most probable inheritance model. Such risk factors for IS like age, sex, BMI, smoking status, and arterial hypertension were incorporated as covariates by multivariable logistic regression analysis. Linkage disequilibrium (LD) and haplotype frequencies were analyzed by Arlequin (version 3.1, University of Berne, Bern, Switzerland). All statistical tests were two-sided; < 0.05 was considered significant.
Results
The clinical characteristics of 170 cases and 124 controls are shown in Table 1 . No significant differences between the groups with respect to gender, smoking status, and BMI were noted ( = 0.294, 0.403, and 0.279, resp.), but the average age of the control group (76.7 ± 10.2) was considerably higher than in the case group ( < 0.001). The average level of fasting glucose and the average meaning of systolic and diastolic BP were higher in IS group than in controls ( < 0.001).
The genotype distributions of the two SNPs (G-1639A and C1173T) in controls (minor allele frequency (MAF) = 0.371 and MAF = 0.327, resp.) and cases (MAF = 0.476 and MAF = 0.412, resp.) were consistent with the Hardy-Weinberg equilibrium ( > 0.05).
The results of VKORC1 G-1639A genotyping are shown in Table 2 . The difference in the distribution of three genotypes (G/G, G/A, and A/A) between the cases and controls was significant ( = 0.027). When analyzed in women and men independently, the significant difference in genotype distribution was not revealed ( = 0.228 and = 0.119, resp.). Division of IS patients into subgroups according to the presence or absence of known atherosclerosis risk factors allowed carrying out a comparative analysis of their genotype frequencies. Statistically significant differences for groups with overweight (BMI ≥ 25 kg/m 2 ) and arterial hypertension were established ( = 0.025 and = 0.003, resp.).
Analysis of G-1639A genotypic association with IS under the four common models of inheritance is presented in Table 3 . Significant association was established in total group before and after adjusting for age, gender, smoking status, BMI, and arterial hypertension under dominant ( obs = 0.009, adj = 0.015) and additive model ( obs = 0.032, adj = 0.041 for G/A genotype, and obs = 0.017, adj = 0.028 for A/A genotype). Relative risk analysis estimated an increased risk for IS in minor allele carriers (OR adj = 2.138, 95% CI = 1.157-3.953) and separately in patients with G/A (OR adj = 1.979, 95% CI = 1.029-3.805) and A/A (OR adj = 2.621, 95% CI = 1.110-6.191) genotypes compared for individuals with G/G genotype. Genotypic association of G-1639A was also revealed in women after adjustment for covariates of age, BMI, smoking status, and arterial hypertension under dominant ( adj = 0.038, OR adj = 2.848, 95% CI = 1.058-7.665) and additive ( adj = 0.049, OR adj = 2.888, 95% CI = 1.006-8.293) model. In men significant difference was present only in the crude additive model ( obs = 0.049, OR obs = 2.240, 95% CI = 1.002-5.007) but was lost after adjustment ( adj = 0.077). The association between G-1639A SNP and IS was also found to be significant in individuals with BMI ≥ 25 kg/m 2 under dominant model with or without the adjustment for gender, age, smoking, and arterial hypertension ( obs = 0.008, adj = 0.016, OR adj = 2.391, 95% CI = 1.180-4.843). Under observed additive model genotypic association was revealed for both G/A ( obs = 0.029, OR obs = 1.997, 95% CI = 1.072-3.723) and A/A ( obs = 0.020, OR obs = 2.478, 95% CI = 1.155-5.317) genotypes, but after adjusting for the risk factors the genotypic association remained for A/A genotype ( adj = 0.021, OR adj = 3.304, 95% CI = 1.199-9.106), and was lost for G/A genotype ( adj = 0.054). The frequencies of G-1639A genotypes were different between the cases and controls with arterial hypertension either before or after adjustment for the covariates of gender, age, BMI, and smoking status under dominant ( obs = 0.002, adj = 0.029, and OR adj = 2.374, 95% CI = 1.091-5.166) and recessive ( obs = 0.015, adj = 0.049, and OR adj = 2.862, 95% CI = 1.003-8.169) model. Significant association under additive model after adjusting was revealed only for A/A genotype ( adj = 0.029, OR adj = 4.029, 95% CI = 1.153-14.077). No genotypic associations between VKORC1 G-1639A polymorphism and IS in subjects with BMI < 25 kg/m 2 and normal BP were revealed ( > 0.05). Dominant : number of subjects in the subgroups. : the likelihood of differences between IS patients and control group by the 2 -criterion.
95% CI: 95% confidence interval.
model had the lowest value of AIC in most subgroups (Table 3) . Table 4 indicates the results of VKORC1 C1173T polymorphism case-control genotyping. The distribution of three genotypes (C/C, C/T, and T/T) between the cases and controls was similar ( = 0.178). Statistically significant differences in the C1173T genotypes distribution were also absent when subjects of comparison groups were divided by gender, BMI, and blood pressure.
Analysis of C1173T genotypic association with IS under the four common models of inheritance is summarized in Table 5 . The link with IS was not found either in total group or subgroups by gender, BMI, and BP under different inheritance models. The association was absent both without and with adjustment ( obs > 0.05, adj > 0.05). The lowest AIC value in most subgroups was observed for dominant model (Table 5) .
Clinical characteristics of the subgroups stratified by VKORC1 G-1639A genotypes in IS subjects are shown in Table 6 . The statistically significant difference was revealed only for thrombin time (16.48 ± 3.2 s, 17.25 ± 4.1 s, and 15.26 ± 2.5 s, = 0.013). Bonferroni's correction allowed establishing the significant difference between individuals with A/A and G/A genotypes ( = 0.010). In Table 7 clinical characteristics of IS patients according to VKORC1 C1173T genotypes are presented. As shown, statistically significant differences for any comparison were not found.
The next step of the present study was the calculation of linkage disequilibrium (LD) between G-1639A/C1173T SNPs pair. Significant high LD ( = 0.809, 2 = 0.518) was revealed. Therefore, estimation of haplotype frequencies was performed. Analysis of the G-1639A/C1173T haplotype distribution in case and control groups is presented in Table 8 . Significant difference in frequencies of -1639G/1173T and -1639A/1173C haplotypes between IS subjects and controls was established; herewith individuals with these haplotypes had an increased risk for IS ( = 0.010, OR = 3.813, 95% CI = 1.268-11.298, and = 0.011, OR = 2.189, 95% CI = 1.185-4.045, resp.). In contrast, -1639G/1173C haplotype frequency was significantly higher in the control group than in IS patients and it decreased the risk for ischemic stroke ( < 0.001, OR = 0.548, 95% CI = 0.393-0.765). Frequency of -1639A/1173T haplotype in both groups was similar ( = 0.218).
Discussion
The data obtained in present work demonstrated that VKORC1 G-1639A (A risk allele frequency 47.6%) but not C1173T (T risk allele frequency 41.2%) polymorphism was associated with IS in Ukrainian population. It has been shown that the risk for IS in patients with A/A and G/A genotypes (G-1639A polymorphism) was higher than for individuals with G/G genotype. It should also be noted that the risk for IS was increased when combining A/A or G/A genotype with hypertension or overweight. Moreover, haplotype analysis revealed that individuals with -1639G/1173T and -1639A/1173C haplotypes had an enhanced risk for IS; conversely the -1639G/1173C haplotype was related to reduced risk for IS. VKORC1 C1173T polymorphic variant (rs9934438) is located in the first intron and leads to substitution of cytosine to thymine at 1173 position of the gene. Our results demonstrated high LD between G-1639A/C1173T SNPs pair, which was consistent with the data obtained in other studies [13, 14, 22] . The G-1639A (rs9923231) single-nucleotide polymorphism is located in the second nucleotide of the EBox (CA/GGGTG) of VKORC1 promoter region and leads to guanine/adenine conversion at position -1639 of the gene. Such -1639G>A substitution creates the E-box binding site (from CGGGTG to CAGGTG), which attracts repressive E-box binding proteins [23] . Therefore, this polymorphism leads to changes in the VKORC1 promoter activity and causes reduction of VKORC1 mRNA production and enzyme expression. According to this, few studies showed that VKORC1 mRNA expression was higher in tissues of subjects with G-1639G/C1173C genotypes compared to subjects with G-1639A/C1173T and A-1639A/T1173T genotypes [23, 24] .
It allows suggesting that inhibition of vitamin K recycling in -1639A and 1173T allele carriers may cause insufficient -carboxylation of protein C, protein S, protein Z, MGP, GRP, and osteocalcin. This would result in increased risk of clot formation, calcification of arteries, and atherosclerotic plaques contributing to the atherosclerosis and its complications development. According to this, Teichert et al. [8] showed that T-allele of the VKORC1 C1173T polymorphism was associated with a significantly higher risk of aortic calcification in the Caucasian. Tavridou et al. [12] revealed association between VKORC1 G-1639A SNP and maximum carotid intima-media thickness in type 2 diabetes mellitus, which was explained by the higher prevalence of calcification in individuals with -1639A allele.
Previously, we also investigated an association of VKORC1 T2255C polymorphism with IS in the same Ukrainian population [25] . It was shown that carriers of C/C genotype had a significant higher risk for IS than individuals with T/T genotype. Our findings were consistent with results demonstrated by Du et al. [15] , who reported that VKORC1 G-1639A and T2255C were associated with susceptibility to cardiovascular and cerebrovascular diseases (CCVD) in Chinese population. Herewith, individuals with A and C allele had an increased risk for CCVD. On the other hand, Zhang et al. [14] investigated the contribution of VKORC1 G-1639A and C1173T SNPs to ischemic cerebrovascular disease (ICVD) in Chinese Han population and reported that subjects carrying the -1639G (G risk allele frequency 11.4%) or 1173C (C risk allele frequency 7.4%) allele might be at increased risk of ICVD. Furthermore, the 1639G-1173C haplotype was a risk factor for ICVD, and 1639A-1173T was a protective factor. The researchers suggested that -1639G allele, which can increase VKORC1 mRNA production, was associated with low sensitivity to vitamin K antagonists and higher risk of thrombosis. Similar result was obtained by Wang et al. [13] , who identified natural haplotype block in VKORC1 gene, which included five common noncoding SNPs (G-1639A, C1173T, C1542G, T2255C, and G3730A) with strong LD. Authors discovered that VKORC1 2255C allele, which can reflect G-C-G-C-A haplotype, increased almost twice the risk of stroke, coronary heart disease, and aortic dissection in Chinese population. In support of this, Shyu et al. [18] showed that -1639A allele (VKORC1 G-1639A polymorphism) had protective effect on the development of large-artery atherosclerotic stroke and was associated with reduced stroke risk in Taiwan population. It was explained that minor allele carriers may have lower concentrations of blood coagulation factors, leading to protection against vascular thrombosis and, consequently, to a reduced susceptibility for stroke.
At the same time, the most case-control studies in Europe and North America population did not reveal association between VKORC1 SNPs and cerebrovascular diseases development. Thus, Ragia et al. [17] did not find significant difference in the VKORC1 G-1639A (A risk allele frequency 42.6%) genotypes distribution among Greek Caucasian IS patients and matched controls. Moreover, minor -1639A allele was not associated with occurrence and clinical aspects of ischemic stroke. Authors proposed that lack of such association could be explained by combined effects of -1639A allele on vitamin K-dependent hemostatic and nonhemostatic proteins, affecting both clot formation and vascular calcification. Hindorff et al. [19] did not reveal significant association of five common VKORC1 SNPs and haplotypes with myocardial infarction, ischemic stroke, and venous thrombosis on large scale study in North American population. In accordance with the above, two case-control studies carried out in Belgian and Southern German population by Lemmens et al. [20] and Arnold et al. [16] , respectively, also did not show any association between VKORC1 haplotypes and different subtypes of ischemic stroke.
Recently, a meta-analysis conducted by Li et al. [26] demonstrated that G-1639A and T2255C SNPs in VKORC1 gene might contribute to the risk of cerebrovascular and cardiovascular diseases. Herewith, the above data showed that minor alleles in some populations can be the wild alleles in other populations, which leads to different interpretation of the results. It turns out that VKORC1 genetic polymorphisms can lead to reduction of the thrombosis and atherosclerosis risk in some cases and increase the risk of clot formation and atherogenesis in other cases, contributing to development of cerebrovascular and cardiovascular diseases (as has been shown in our study). The mechanism of this duality is not fully clear. One explanation for this could be the widespread vitamin K deficiency among individuals of different populations [27] . In such case, the transport systems provide preferential targeting of phylloquinone to the liver to preserve coagulation, while less important Gla-proteins, which are synthesized in the extrahepatic tissues, do not receive vitamin K (according to the triage theory by McCann and Ames [28] ). In this way, VKORC1 activity reduction due to genetic polymorphisms exacerbates the shortage of the vitamin K in the extrahepatic tissues and is compensated by the vitamin K in the liver.
Our case-control study has few limitations, which have to be taken into account during interpretation the results. First of all, study groups included quite low number of individuals and may not represent the general Ukrainian population. Small size sample is explained by the difficulty of the subject selection. Only individuals who have never been on oral anticoagulant therapy were included to case and control groups. Such people are quite rare but were necessary for our study (the most part of oral anticoagulants inhibits VKORC1 and may obscure the impact of VKORC1 gene polymorphism on IS development). Second, it should also be noted that average age of the control group was significantly higher than in the stroke patients. It was a condition of the study design, because it allowed suggesting that control individuals had the presumably reduced risk for IS in the future. Additionally, both groups were similar in smoking and body mass index, but the arterial hypertension prevalence was higher among IS patients. This fact makes it impossible to draw firm conclusion about the impact of this risk factor on IS development in individuals with different VKORC1 genotypes. Finally, more people should be enrolled in the study even as other VKORC1 SNPs should be analyzed in order to make a definitive conclusion about VKORC1 association with ischemic stroke in Ukrainian population. It will be the focus of our further research.
Conclusion
In summary, this is the first report investigating the association between VKORC1 G-1639A and C1173T polymorphisms and IS in Ukrainian population. Obtained results revealed that G-1639A but not C1173T polymorphism was related to IS. The risk for IS in -1639A allele carriers was higher than in major allele homozygotes. Moreover, -1639G/1173T and -1639A/1173C haplotypes were risk factors for IS, and -1639G/1173C haplotype was a protective factor for IS. Subsequent studies with larger number of participants are required to confirm our present results.
